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What is Claimed is: 

A sealles^ blood pump, comprising: 

a pump housing, havmg an inlet tube on one end and an impeller casing 
on the other end, said casing including a outlet; 

a rotor mounted for rotation within said housing, said rotor having an 
elongated shaft portion and an impfeller attached to said shaft portion, said impeller 
being located within said impeller casing:L 

radial magnetic bearings darried^ said shaft portion, and radial magnetic 
bearings carried by said housing foV maintaining said shaft portion of said rotor 
within said inlet tube of said housing! 

a rotor motor, said motor Wluding a plurality of permanent magnets 
carried by said impeller and a motor stator including an electrically conductive coil 
located within said housing; and 

a ring of back iron fixed to saic^ casing to aid in completing a flux return 
path for said permanent magnets. 



2. A sealless blood pumi> as defined in claim 1, in which said 
conductive coil and said back iron are fixed to said casing and said housing rearwardly 
of said impeller. 

20 

3. A sealless bSoo^^dmp as defined in claim 1, in which said 
impeller has a forward side facing s lid inlet tube and a rear side downstream of said 
forward side, said conductive coil being located adjacent said rear side and said back 
iron ring being located outside of saiq conductive coil, within said housing, and fixed 

25 to said housing. 
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4. A sealless 

second ring of back iron located on 
said casing but inside of said housing 
casing. 



blood pump as defined in claim 3, including a 
the forward side of said impeller and outside of 
said second ring of back iron being fixed to said 



A sealless tjlood pump as defined in claim 4, including a 
second motor stator having an electrically conductive coil located on the forward side 
of said impeller outside of said casing 



6. 



A sealless b 



Lg but inside of said housing. 



(A 



ood pump as defined in claim 5, in which said 



second ring of back iron is located f )rward of said second motor stator. 
7. A sealless bbod pump, comprising: 

a pump housing, having an inlet tube on one end and an impeller casing 
on the other end, said casing inch ding a outlet; 

a rotor mounted for rotation within said housing, said rotor having an 
elongated shaft portion and an imp 1 
being located within said impeller 

radial magnetic bearings 



Her attached to said shaft portion, said impeller 



casing; 

carried by said shaft portion, and radial magnetic 
bearings carried by said housing ior maintaining said shaft portion of said rotor 
within said inlet tube of said housing; 

a rotor motor, said mot )r including a plurality of permanent magnets 
carried by said impeller and a motor stator including an electrically conductive coil 
located within said housing; and 

a ring of back iron carried by said impeller to aid in completing a flux 
return path for said permanent magnbts, said ring of back iron being located at the 



25 



forward side of said impeller and within said casing. 



8. 



rotor motor is a radial flux gi 



A sealless blood pump as defined in claim 7, in which said 



p motor and said plurality of permanent magnets located 



within said impeller extend in radial alignment with said motor stator. 



9. A se4 

of back iron is generally alighed 
inside said permanent magnets 



10. A sehlles 
permanent magnetic bearings 



11. 



less blood pump as defined in claim 7, in which said ring 
with said permanent magnets and is located radially 




blood pump as defined in claim 7, including 
located at the rear side of said impeller. 



A sea 



less blood pump as defined in claim 10, in which said 
permanent magnetic bearing! comprise first permanent magnets carried by said 
impeller at the rear end thereof and second permanent magnets downstream of said first 
permanent magnets and fixed to said casing and housing. 

12. A sealless blood pump, comprising: 

a pump housing, hiving an inlet tube on one end and an impeller casing 
on the other end, said casing including an outlet; 

a rotor mounted fcr rotation within said housing, said rotor having an 
elongated shaft portion and an impeller attached to said shaft portion, said impeller 
being located within said impeller casing; 

radial magnetic bearings carried by said shaft portion, and radial magnetic 
bearings carried by said hous ng for maintaining said shaft portion of said rotor 
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within said inlet tube of said housing; 

a rotor motor J said motor including a plurality of permanent magnets 
carried by said impeller ^id a motor stator including an electrically conductive coil 
located within said housing; and 

a plurality of 1 ydrodynamic thrust bearings located outside of the axis of 



rotation of said rotor. 

13. A sj 
hydrodynamic bearings are 



salless blood pump as defined in claim 12, in which said 
wedge-shaped. 



14. A 
rotation of said rotor and impeller 
casing by a fluid film and 



splless blood pump as defined in claim 12, in which during 
, said hydrodynamic bearings are separated from said 
not in direct mechanical contact with said casing. 



are 



15. A sealless blood pump as defined in claim 12, in which said 



hydrodynamic bearings an 
impeller. 



16. A sealless 
20 some of said hydrodynamic 



17. 



arcuate and are located on the forward side of said 



blood pump as defined in claim 12, in which at least 
hrust bearings are carried by said impeller. 



A sealless blood pump as defined in claim 12, in which at least 



some of said hydrodynamic 



hrust bearings are carried by said casing. 



25 18. A se 

casing reinforcement memper 



illess blood pump as defined in claim 12, including a 
on the rear side of said casing, carrying said 
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hydrodynamic bearings. 

19. A sealless fclood pump, comprising: 

a pump housing, havi lg an inlet tube on one end and an impeller casing 
on the other end, said casing including an outlet; 

a rotor mounted for rotation within said housing, said rotor having an 
elongated shaft portion and an impeller attached to said shaft portion, said impeller 
being located within said impeller casing; 

said impeller compri sing a disk-shaped member having a central, upper 
face portion attached to one er d of said shaft, said impeller having a plurality of 
blade sectors, each of said sectors being separated from an adjacent sector by a 
channel extending from said upper face portion to a lower face portion; 

said channels serving as a fluid path through the impeller and functioning 
to increase the effective working area of the impeller; and 

a plurality of hydrod rnamic thrust bearings located outside of the axis of 



rotation of said rotor. 



20. A sealless blood pump as defined in claim 19, including radial 
magnetic bearings carried by said shaft portion, and radial magnetic bearings carried 

20 by said housing for maintaining sa|d shaft portion of said rotor within said inlet tube 
of said housing. 

21. A sealless b 
motor, said motor including a plural 

25 and a motor stator including an electrically 



ood pump as defined in claim 19, including a rotor 
ity of permanent magnets carried by said impeller 
conductive coil located within said housing. 
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22. 



A sealless 



of back iron fixed to said casing 
permanent magnets. 



23. 



A sealless 



)lood pump as defined in claim 21 , including a ring 
to aid in completing a flux return path for said 



blood pump as defined in claim 22, including a 
second ring of back iron located bn the forward side of said impeller and outside of 
said casing but inside of said housing, said second ring of back iron being fixed to said 



casing. 



24. 



A sealless 



blood pump as defined in claim 21, including a 
second motor stator having an elec rically conductive coil located on the forward side 
of said impeller outside of said casing but inside of said housing. 



25. 



A sealless >lood pump, comprising: 



a pump housing, saic 
impeller casing on the other end, 



housing having an inlet tube on one end and an 
said casing including a discharge tube; 
a rotor mounted for ijotation within said housing, said rotor having an 
elongated shaft portion and an inpeller attached to said shaft portion, said impeller 
being located within said impellef casing and having a diameter between 1 inch and 
1.5 inch; 

radial magnetic bearing s carried by said shaft portion, and radial magnetic 
bearings carried by said housing for maintaining said shaft portion of said rotor 



coaxially within said inlet tube o 



being provided by an annular vo ume between said shaft and said radial magnetic 



bearings carried by said housing 
between .06 inch and .1 inch. 



said housing, a primary flow channel for blood 



, said primary flow channel having a thickness 
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26. A sealllbss 
axial length of the entire pump 



blood pump as defined in claim 25, in which the 
is 1.75 inch to 3.0 inch. 



27. A seal^ess blood pump as defined in claim 25, in which the 
4 inch and the axial length of the impeller is 0.2 inch 



5 rotor diameter is .025 inch to 0 
to 0.5 inch. 



Q/ 



28. A seall&ss blood pump, comprising: 
a pump housing, Having an inlet tube on one end and an impeller casing 
10 on the other end, said casing including an outlet; 

a rotor mounted for rotation within said housing, said rotor having an 
elongated shaft portion and ai impeller attached to said shaft portion, said impeller 
being located within said impeller casing; 

a rotor motor, said motor including a plurality of permanent magnets 
15 carried by said impeller, a firs : motor stator including an electrically conductive coil 
located within said housing and a second motor stator including an electrically 
conductive coil located withiil said housing; 

said first motor stitor and said second motor stator being located on 
opposite sides of said impeller. 



29. A sealless 
of back iron fixed to said casing 
permanent magnets. 



30. 



A sealless 



blood pump as defined in claim 28, including a ring 
to aid in completing a flux return path for said 



blood pump as defined in claim 29, including a 
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second ring of back iron located on the opposite side of said impeller from said first 
mentioned ring of back iron said second ring of back iron being fixed to said casing. 



31. A sialless 
5 rings of back iron are locate d 



blood pump as defined in claim 30, in which said 
outside of said casing but inside of said housing. 



32. A sdalless blood pump as defined in claim 28, including a 
plurality of hydrodynamic thjust bearings located outside of the axis of rotation of said 
rotor. 

33. A seilless blood pump, comprising: 

an impeller comprising a disk-shaped member having a diameter between 
1 inch and 1.5 inch; 

an impeller shaft; 

said impeller including a central, upper face portion attached to one end 
of said shaft; 

said impeller having a plurality of blade sectors, each of said sectors 
being separated from an adj* cent sector by a channel extending from said upper face 
portion to a lower face portion; 

said impeller blade depth being between 0.2 inch and 0.5 inch; 

said channels hav ng a width between .05 inch to 0.2 inch; 

said channels serv: ng as a fluid path through the impeller and functioning 
to increase the effective wor icing area of the impeller. 



25 34. A seallejss 

impeller carries plurality of pertnanent 



blood pump as defined in Claim 33, in which said 
magnets. 
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35. A sealless blood pump as defined in Claim 33, including a 
pump housing, having an iilet tube on one end and an impeller casing on the other 
end, said casing including an outlet; a rotor mounted for rotation within said housing, 
said rotor comprising said impeller shaft, said impeller being located within said 
impeller casing. 

36. A sejalless blood pump, comprising: 
a pump housing, having an inlet tube on one end and an impeller casing 

on the other end, said casing including an outlet; 

a rotor mounted for rotation within said housing, said rotor having an 
elongated shaft portion and an impeller attached to said shaft portion, said impeller 
being located within said impellerpasing; 

a rotor motor, s< id m(Wo^in^W^ing a plurality of magnets carried by said 
impeller and a motor stator including an electrically conductive coil and a pole piece 
located within said housing, said magnets and said stator being positioned to 
function to transmit torque <ind to provide a restoring radial magnetic force between 
said stator and magnets thai would tend to return a radially deflected impeller to a 
neutral position. 



37. 



A seal 



ess blood pump as defined in Claim 36, in which said 



pole piece comprises teeth extending from a ring of back iron. 



38. A sealless blood pump as defined in Claim 36, including a 
bearings located outside of the axis of rotation of said 



25 plurality of hydrodynamic thrust 
rotor. 
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39 A sfealless blood pump as defined in Claim 36, in which said 

impeller comprises a disc-shkped member having a central, upper face portion attached 
to one end of said shaft, saidWpeller>llavirig a plurality of blade sectors, each of said 
sectors being separated from m adjactnt^ggtor^y a channel extending from said upper 
face portion to a lower face portion, said magnets being positioned within said blade 
sectors in radial alignment witmsaid pole piece. 
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